We describe the iDO serious game developed during implementation of the Innovative Digital Training Opportunities on Dementia for Direct Care Workers (IDO) project. The project targets formal and informal caregivers of persons with dementia in order to improve caregiver knowledge and competences skills with a non-traditional source of training. This paper describes the steps faced to define the iDO caregiver behavior improvement model, design of game mechanics, development of game art and game characters, and implementation of gameplay. Furthermore, it aimed to assess the direct impact of the game on caregivers (n = 48) and seniors with early signs of dementia (n = 14) in Lithuania measured with the Geriatric Depression Scale (GDS) and Dementia Attitudes Scale (DAS). The caregivers' GDS scores showed a decrease in negative answers from 13.4% (pre-game survey) to 5.2% (post-game survey). The seniors' GDS scores showed a decrease in negative answers from 24.9% (pre-game survey) to 10.9% (post-game survey). The overall DAS scores increased from 6.07 in the pre-game survey to 6.41 in the post-game survey, statistically significant for both caregivers and seniors (p < 0.001), respectively. We conclude that the game aroused positive moods and attitudes for future caregivers of persons with dementia, indicating a more relaxed status and a decreased fear in accomplishing the caring process.
Information 2019, 10, 355 3 of 15 scores (or badges) for each right decision made in the game can be an effective way to involve her in the training process, encouraging lifelong learning [21] . Researchers illustrated the effectiveness of this approach through a video-based serious game created for nursing students on caring for persons with pulmonary disease [22] .
Serious games are often applied in the health domain in ever-growing rates [23, 24] . Such games can contribute to improving daily management of neuropsychiatric symptoms (NPS) and, eventually, to improving the psychological state and satisfaction of both persons with dementia and caregivers [25] ; thus, the iDO serious game targets the caregivers of persons with dementia and not the people with dementia themselves. In this context, virtual gaming associated with hands-on simulations has become a measure of the best teaching and learning practices, improving parameters of caregiver's professional knowledge and self-satisfaction [26] , while more common games are aimed at the person with dementia directly (e.g., memory games, cognitive skills development, etc.). The consequential advantages of the best care practices can serve to provide improvements in motivation, decision-making, and even financial value [27] . The related studies on serious games dedicated to dementia [28, 29] did not target dementia caregivers themselves.
Serious Games in Health Care
A range of core competencies can be developed using a dedicated serious game in nursing education [30] : procedural, health assessment, communication, and clinical reasoning skills. Serious games can be applied to support virtual training, such as clinical virtual simulation [31] , and can provide a pedagogical strategy and work as a supplement to real-life alternatives and provide increased situational awareness [32] . A statistically significant difference was found between the competence of groups that played a simulation game and those that trained traditionally in life support exercises [33] . Tresser [34] showed that it can also work as a tool for occupational therapy, successfully testing the concept on patients diagnosed with dyspraxia-impaired postural structure. According to Johnsen et al. [35] , a serious game can be considered useful, usable, and satisfying while improving the reasoning and decision-making skills of nursing students. Games with creativity support can be applied to train caregivers in creativity techniques in order to deliver more person-centered care to people with dementia [36] . Transcultural aspects can also be explained through in-game dialogues and other forms of simulations [37] .
The gamified modelling of some of the caregiver aspects was already explored in certain aspects. Patel and Salata [38] investigated the simulation of caregiver-child communication for children with severe dysarthria, proving that a simple interface of sound tonality can change the coadaptation and helps to better understand each other. Similarly, a serous game helped to understand the engagement of children with unilateral cerebral palsy [39] reducing caregiver involvement. As an alternative, serious games can be used to measure acceptance and effectives in decision making which is essentially important in nursing services [40] .
Another major feature of serious games is the possible application for rehabilitation. Wingham et al. [41] illustrates such a concept with the application of a Wii sports games for stroke survivors, proving that gamified motion training can lead to an improvement of the originally impaired arm motoric. A Kinect-based approach [42] showed positive effects on the functional abilities of self-care, mobility, and social function with disabilities that were very significant.
Nursing of people with dementia can utilize computer-based cognitive stimulation and other enjoyable activities to increasing care satisfaction [43] . This was proven by Tong et al. [44] who showed that people with cognitive impairments may benefit from playing serious games, potentially assessing a variety of factors associated with cognitive decline in dementia, while keeping individuals active and stimulated thereby potentially slowing down or furthering cognitive decline [44] . Social engagement was illustrated by the Walk2Win game [45] , showing that game users expressed a strong preference and interest in building a team. 
Serious Game Design

Educational Model for Knowledge Transfer by iDO Gameplay
Evolving from a combination of traditional e-learning and gamification, serious games can work as different standalone training solutions for doctors, formal and informal caregivers, and persons with dementia as was evolved by usability assessment studies [46] showing that a fulfillment of a specific task highly depends on the task itself and on the abilities of the subjects, making the concept especially challenging. The iDO educational models on which the idea of the game was based derived from the e-health gamification best practices [47] , proving that to yield solely short-term engagement is mostly possible through extrinsic rewards. For a serious game to reach its full potential, the game must be built with e-health scenarios in mind, exploiting the core experience and psychological effects of game mechanics. This idea was applied on the behavior model of rehabilitation by Wiemeyer et al. [48] including physiological, psychological, social, and sensory-motor factors, where an advantage is noticeable if the game interventions are to be developed and evaluated based on the individual prerequisites. This was confirmed by the flowchart scenarios of Elaachak et al. [49] depicting that the most efficient environment of a serious game is often that which is similar to the real one, so the learner can envisage different solutions more easily (applied to nursing which also applies to the iDO game); for each right decision the player gains a set of points that are required to reach an objective. This idea was further expanded following a concept proposed by Reference [50] , where the game offers both a player situational analysis and evaluation capability and a situation development and outcome evaluation capability, a feature which we decided to adopt and follow.
Our model (displayed in Figure 1 ) was based on the idea of the project to supplement the materials offered within the iDO massive open online course (MOOC), which had interactive scenarios only possible in the serious game format, in order to facilitate the three main goals which were established following the best practices of Reference [51]:
1.
To increase cognitive skills by teaching the concepts and principles of dementia care thus understanding differences among persons with various degrees of dementia and to demonstrate the ability of applying concepts to solve various real-life situations (via solving in-game problems), enhancing knowledge retention.
2.
To increase behavioral skills (care practice and development) to allow a more effective factual implementation of dementia care concepts, practical familiarization with problems, and outcomes and consequences through in-game decision making thus improving situational awareness, analysis, and decision skills.
3.
To increase skills to improve overall attitudes, motivation, and engagement towards dementia care not excluding the increase in overall job satisfaction.
The iDO education model strives to gently feed the situations, requiring learning a specific set of know-how and background knowledge to solve a random or scenario-based gameplay situation (practice of skills). The game always ends when the quality of life bar reaches zero (0). Gameplay (game outcomes) only influences how fast and with what consequences (e.g., simulated quality of life) it will be reached. The game itself forces the caregiver to learn how to care for elderly relatives or persons with dementia. Each game outcome also unlocks a story aspect, often used to educate a peculiar aspect within dementia care. Mission solving in a game (resulting in an outcome) serves as an evaluation tool, where the game itself does not give an in-game guidance on how to tackle a peculiar problem but refers a player to the course learning materials. The gameplay constantly forces a player to refer to the training materials (orange arrow) and use the newly gained knowledge (yellow arrow) to progress. 
Model of Game Mechanics
The idea of the game mechanics was based on an adaptation of the Tamagotchi and SIMS (Electronic Arts Inc. (EA)) series of games, where players take care of their virtual entities. The game progresses through the character's daily life, where he/she is mostly independent, requiring the player's interaction only to control more efficiently the character's needs ( Figure 2 ). For the simulation of a social interaction, the model of the game mechanics provides a simple dialogue, where the player communicates with his game character, inquiring about his experience, etc. 
The idea of the game mechanics was based on an adaptation of the Tamagotchi and SIMS (Electronic Arts Inc. (EA)) series of games, where players take care of their virtual entities. The game progresses through the character's daily life, where he/she is mostly independent, requiring the player's interaction only to control more efficiently the character's needs ( Figure 2 ). Our knowledge-based game mechanics [52] were based on the simplified needs system adopted by the SIMS games (the simulation model is illustrated in Figure 3 ). Each game character's needs can be represented as a resource that is periodically drained. Performing an action fulfils a need and replenishes the resource but can also have side effects on other values tracked in the game. The needs in the game are as follows:
•
Rest shows the tiredness rate of the person. This value is reduced over time and increases automatically when the person is resting. The reduction rate is increased when the person participates in activities, which increases the fun value.
•
Hunger represents the character's need for food. The value representing hunger is increased and reduced automatically whenever the person eats.
The fun value shows the overall happiness and positive engagement of the game character. This value decreases over time. However, participating in fun activities increases the value.
The social interaction value shows the need of a person for socialization. This value is increased when the person chats with the game character.
Our knowledge-based game mechanics [52] were based on the simplified needs system adopted by the SIMS games (the simulation model is illustrated in Figure 3 ). Each game character's needs can be represented as a resource that is periodically drained. Performing an action fulfils a need and replenishes the resource but can also have side effects on other values tracked in the game. The needs in the game are as follows:
• Rest shows the tiredness rate of the person. This value is reduced over time and increases automatically when the person is resting. The reduction rate is increased when the person participates in activities, which increases the fun value.
• Hunger represents the character's need for food. The value representing hunger is increased and reduced automatically whenever the person eats.
• The fun value shows the overall happiness and positive engagement of the game character. This value decreases over time. However, participating in fun activities increases the value.
• The social interaction value shows the need of a person for socialization. This value is increased when the person chats with the game character.
The overall well-being of the character is represented by the fun value, which decreases as time passes but can be increased when resting or interacting socially.
The described needs and relationships among the needs are visualized in a machinations [53] diagram, a visual language for describing gameplay rules and mechanics shown in Figure 3 . The four needs are defined as resources stored in a resource pool. They are each passively reduced by a drain node connected to each resource. An interactive source node is also connected to each resource pool which represents actions that need to be solved. These actions reduce a specific need but may also increase other needs. The overall well-being of the character is represented by the fun value, which decreases as time passes but can be increased when resting or interacting socially.
The described needs and relationships among the needs are visualized in a machinations [53] diagram, a visual language for describing gameplay rules and mechanics shown in Figure 3 . The four needs are defined as resources stored in a resource pool. They are each passively reduced by a drain node connected to each resource. An interactive source node is also connected to each resource pool which represents actions that need to be solved. These actions reduce a specific need but may also increase other needs.
The game's inner state is defined by three groups of variables: independent, intermediate, and As mentioned before, independent variables are randomly assigned at the beginning of the game. These variables include gender, socio-economic status, nationality, and the age of the person with dementia which the player must take care of. Values of each of these variables will define how the intermediate variables' values change. Intermediate variables are separated into two groups: basic needs and psychological needs. Basic needs include hunger, rest, mood, and hygiene. Psychological needs include functional abilities (activities of daily living (ADL), instrumental ADL (IADL)), behavioral disturbances (neuro psychiatric inventory, NPI), and distress (NPI-D). These needs passively change over time. The change rate is affected by the independent variables' values. Significant changes in the need variable values occur concurrently with player actions. For example, the person with dementia (character) gets increasingly hungry over time, and the hunger is diminished by the player telling the character to go and eat.
The dependent variables are intended to describe the player's scores which specify how well the player is taking care of his character. These variables are defined as quality of life and vital status. A character with neglected needs will have a lower value quality of life score, and it is the player's responsibility to improve it by helping the character fulfill his needs. In such a way, a direct relationship between intermediate and dependent variables is defined. This game model is illustrated in Figure 4 and explains the concept of game avatar (person with dementia) reacting to various game situations (which are handled through in-game dialogues). As mentioned before, independent variables are randomly assigned at the beginning of the game. These variables include gender, socio-economic status, nationality, and the age of the person with dementia which the player must take care of. Values of each of these variables will define how the intermediate variables' values change. Intermediate variables are separated into two groups: basic needs and psychological needs. Basic needs include hunger, rest, mood, and hygiene. Psychological needs include functional abilities (activities of daily living (ADL), instrumental ADL (IADL)), behavioral disturbances (neuro psychiatric inventory, NPI), and distress (NPI-D). These needs passively change over time. The change rate is affected by the independent variables' values. Significant changes in the need variable values occur concurrently with player actions. For example, the person with dementia (character) gets increasingly hungry over time, and the hunger is diminished by the player telling the character to go and eat.
The dependent variables are intended to describe the player's scores which specify how well the player is taking care of his character. These variables are defined as quality of life and vital status. A character with neglected needs will have a lower value quality of life score, and it is the player's responsibility to improve it by helping the character fulfill his needs. In such a way, a direct relationship between intermediate and dependent variables is defined. This game model is illustrated in Figure 4 and explains the concept of game avatar (person with dementia) reacting to various game situations (which are handled through in-game dialogues). The evolution of the game is defined by the time and effort spent taking care of the game's character. There are no penalties envisioned, as the game is intended to provide a relaxed, stress-free environment. The game does have unlockable levels which are rewarded upon various stages of the MOOC completion. This is used as an opportunity to integrate the game with the learning environment in such a way that levels are unlocked after educational activities are completed in a learning environment. The game also provides feedback so that playing the game can be counted as The evolution of the game is defined by the time and effort spent taking care of the game's character. There are no penalties envisioned, as the game is intended to provide a relaxed, stress-free environment. The game does have unlockable levels which are rewarded upon various stages of the MOOC completion. This is used as an opportunity to integrate the game with the learning environment in such a way that levels are unlocked after educational activities are completed in a learning environment. The game also provides feedback so that playing the game can be counted as a learning activity within the learning environment. The add-ins include purely decorative items, such as wallpapers, which can be modeled according to the above-described activities and the person with dementia's needs.
RESIST-ANCE to care processes
Model of Game User Experience (UX)
Game user experience was developed together with specialists in the area. Through feedback exchanged between medical professionals and a user experience/user interface (UX/UI) designer, the first design of the game characters turned out to be more like caricatures and would not arouse the desired light and easy-going mood of the game (Figure 5a ). The final iteration of the design resulted in cleaner characters (Figure 5b ). In-game animation helps the game characters reveal their personalities therefore reaching the desired look and feel of the game. a learning activity within the learning environment. The add-ins include purely decorative items, such as wallpapers, which can be modeled according to the above-described activities and the person with dementia's needs.
Game user experience was developed together with specialists in the area. Through feedback exchanged between medical professionals and a user experience/user interface (UX/UI) designer, the first design of the game characters turned out to be more like caricatures and would not arouse the desired light and easy-going mood of the game (Figure 5a ). The final iteration of the design resulted in cleaner characters (Figure 5b ). In-game animation helps the game characters reveal their personalities therefore reaching the desired look and feel of the game. Initially, the environment showed some exaggeration in the forms and colors as well as the characters, (Figure 6a ) which caused confusing interpretations by different people and overcomplicated the game. The redesigned game uses simple and realistic object shapes with bright colors to achieve a positive mood (Figure 6b ). We used the standard framework of gameplay provided by the Unreal Engine 4 (Epic Games, SC, USA). All objects in the game world are defined as actors, while the Game Mode actor defines the rules of the game. The physical representations of the Controller actors are called the pawns. The AI Controllers control the pawn with the game engine's artificial intelligence implementation.
The game is controlled and influenced by six main actors (Figure 7 ): Initially, the environment showed some exaggeration in the forms and colors as well as the characters, (Figure 6a ) which caused confusing interpretations by different people and overcomplicated the game. The redesigned game uses simple and realistic object shapes with bright colors to achieve a positive mood (Figure 6b ). a learning activity within the learning environment. The add-ins include purely decorative items, such as wallpapers, which can be modeled according to the above-described activities and the person with dementia's needs.
Game user experience was developed together with specialists in the area. Through feedback exchanged between medical professionals and a user experience/user interface (UX/UI) designer, the first design of the game characters turned out to be more like caricatures and would not arouse the desired light and easy-going mood of the game (Figure 5a ). The final iteration of the design resulted in cleaner characters (Figure 5b ). In-game animation helps the game characters reveal their personalities therefore reaching the desired look and feel of the game. Initially, the environment showed some exaggeration in the forms and colors as well as the characters, (Figure 6a ) which caused confusing interpretations by different people and overcomplicated the game. The redesigned game uses simple and realistic object shapes with bright colors to achieve a positive mood (Figure 6b ). We used the standard framework of gameplay provided by the Unreal Engine 4 (Epic Games, SC, USA). All objects in the game world are defined as actors, while the Game Mode actor defines We used the standard framework of gameplay provided by the Unreal Engine 4 (Epic Games, SC, USA). All objects in the game world are defined as actors, while the Game Mode actor defines the The game is controlled and influenced by six main actors ( Figure 7 ):
1.
Player Controller, also interacting with these activity entities, guides the Patient Character to do the activities associated with them and to interact with the activity entities.
2.
Character Creation Pawn presents the player with the character customization user interface and has a reference to the Patient Character to allow its customization.
3.
Game Pawn is controlled by the Player Controller and includes camera manipulation functions to allow the player to observe the game world from various points of view.
4.
Patient Character is the pawn that represents the patient that the caregiver has to look after. This pawn's behavior is controlled by the AI Controller.
5.
AI Controller is driven by the AI system based on behavior trees in order to controls the Patient Character's behavior. 6.
Activity Entities are objects in the game world, such as the couch on which the character can rest, and with which the player can interact with it during the gameplay.
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Methods of Evaluation and Results
The survey included 12 social care workers (age 42-71), 36 non-professional caregivers (caring for their family members) (age , and 14 seniors with early signs of dementia (age 68-95) in Lithuania´s Kaunas region. The participants of the survey were recruited in cooperation with the Geriatric Clinic of the Lithuanian University of Health Sciences.
Following the methods developed by Carpenter et al. [54] , a pre/post survey design was adopted (post-game survey followed 4 months after the pre-game survey), and the perceived anxiety of seniors and their caregivers (family members and care workers who interact frequently with the elders) was assessed through the 30 item Geriatric Depression Scale (GDS) [55] . The caregivers and seniors were separately assessed. The results of the survey are summarized below.
In the caregiver group, the percentage of negative answers decreased from 13.4% (SD = 1.0) in the pre-game survey to 5.2% (SD = 0.5) in the post-game survey. Note that we do not separate between formal and informal caregivers. In the senior group, the percentage of negative answers decreased from 24.9% (SD = 1.7) in the pre-game survey to 10.9% (SD = 0.9) in the post-game survey. The results between the pre-game survey and the post-game survey were statistically significant both for the caregivers (t-test p < 0.001) and the seniors (t-test p < 0.001).
To evaluate the cognitive, behavioral, and affective elements of an attitude toward the caregivers, the 20 item Dementia Attitudes Scale (DAS) [56] was pre-and post-administered to the original set of the caregivers of the seniors (N = 48 subjects). Each item was assessed using a 7 point Likert scale ranging from 7 (strongly agree) to 1 (strongly disagree), while half of the items were reversely scored. The initial score of the group of 65.3%, indicating confidence in being around people with dementia ("I feel confident around people with Alzheimer's disease and related disorders" 
To evaluate the cognitive, behavioral, and affective elements of an attitude toward the caregivers, the 20 item Dementia Attitudes Scale (DAS) [56] was pre-and post-administered to the original set of the caregivers of the seniors (N = 48 subjects). Each item was assessed using a 7 point Likert scale ranging from 7 (strongly agree) to 1 (strongly disagree), while half of the items were reversely scored.
The initial score of the group of 65.3%, indicating confidence in being around people with dementia ("I feel confident around people with Alzheimer's disease and related disorders" (ADRD)), increased by 14.32% (SD = 1.2). The initial score for the group of 19.44%, indicating a care process as uncomfortable ("I feel uncomfortable being around people with ADRD"), decreased by 6.9% (SD = 1.41), proving the seriousness of considering an iDO game-based approach.
The DAS also showed a quite significant change in attitudes, particularly on feeling more relaxed ("I feel relaxed around people with ADRD") and less frustrated ("I feel frustrated because I do not know how to help people with ADRD"), by 14.7% (SD = 0.8%) and 17.2% (SD = 0.91) compared to the original scores of 48% and 53%, respectively.
The DAS survey of the family members of seniors and social care workers indicated a decrease in the permanent care of a person with dementia (note: not considering financial obligations which, however, are very important in households with a lower income). The overall reduction in fear for all caregivers was significant, by at 18% (SD = 1.4%) (as compared to the original value of 76%).
The overall results of the DAS survey are summarized below. Total scores in the pre-game survey ranged from 5.53 to 6.33 (mean = 5.94; SD = 0.21) and increased from 6.07 to 6.41 (mean = 6.28; SD = 0.08) in the post-game survey, indicating that attitudes were generally positive. The results between the pre-game survey and the post-game survey were statistically significant for both caregivers (t-test, p < 0.001) and seniors (t-test, p < 0.001).
We also used the well-known System Usability Scale (SUS) questionnaire [57] in order to gather user feedback and quantitatively evaluate system usability (UX) properties. Each participant was administered a 10 item questionnaire, and each item was evaluated on a 5 point Likert scale [58] . The questionnaire was filled by every participant after playing the game for 20 min.
Caregivers rated the game very positively with an average score of 79.75. The healthy elderly participants rated the software with a score of 73, which is still above the average SUS score of 68. The last group-elderly with signs of dementia-rated the software poorly, attributing to the system a score of 56.25. The lower SUS score can be explained by some elements of the game placing a burden on the cognitive abilities of people with dementia, which is in agreement with the results of other similar studies [59] .
Before evaluating the responses to each SUS item, let us consider the role they played in the system evaluation. Every odd numbered item (1st, 3rd, 5th, etc.) is formulated as a positive statement, thus it is desirable that odd numbered SUS items receive high scores (i.e., 4 or 5) while every even numbered item is formulated as a negative statement making low scores more desirable.
The average scores of each SUS item (according to its number) for the caregiver group are reported in Figure 8 . Figure 8 shows that learning how to use the software was not complicated; the response to item 7 ("I would imagine that most people would learn to use the software very quickly") was rated 4.75 on average, which means that respondents strongly agreed with this statement. Similarly, the rating of items 4 and 10 related to the system's learnability ("I think that I would need the support of a technical person to be able to use the software" and "I need to learn a lot of things before I could get going with the software") was rather low on average, reaching a score of 1.92, reinforcing the concept of the ease of use of the proposed software. In addition, the game users declared that they were very confident in using the proposed software (item 9, rated 4.13 on average). However, the desire to use the software frequently (item 1) scored rather low-only 2.92 on average.
Finally, we evaluated the balance between the game and the educational aspects of the game (i.e., the gain in caregiver skills) based on the suggestions of the Icura User Study [60] . Figure 9 depicts the effectiveness of our educational model. Most participants (82%) confirmed the educational benefits of the serious game and claimed that overall game-based education was effective. Only 9% of the participants indicated a lower educational effectiveness of the game. Finally, we evaluated the balance between the game and the educational aspects of the game (i.e., the gain in caregiver skills) based on the suggestions of the Icura User Study [60] . Figure 9 depicts the effectiveness of our educational model. Most participants (82%) confirmed the educational benefits of the serious game and claimed that overall game-based education was effective. Only 9% of the participants indicated a lower educational effectiveness of the game. 
Discussion and Conclusions
The change in attitudes of persons with dementia and caregivers was assessed via the Dementia Attitudes Scale (DAS). The direct effect of the proposed iDO game was assessed through the Geriatric Depression Scale (GDS) questionnaire. The seniors' GDS scores showed a decrease in negative answers (in percentage) from 24.9% in the pre-game survey to 10.9% in the post-game GDS survey. The caregivers' GDS scores showed a decrease in negative answers (in percentage) from 13.4% in the pre-game survey to 5.2% in the post-game GDS survey, leading to the conclusion that the game aroused a general increase in positive moods for future caregivers of the target persons with dementia. The overall DAS scores increased from 6.07 (pre-game survey) to 6.41 (post-game survey), as the recorded attitudes were generally positive, indicating a more relaxed status and a decreased fear in accomplishing the caring process. The differences between the results of the pre-game survey and the post-game survey were statistically significant for both caregivers and seniors.
The direct impact of the proposed iDO game showed a significantly positive increase in attitudes and decrease in anxiety of both caregivers (formal and informal) and seniors from pre-to post-game survey. The specifically designed interactive serious game iDO makes it possible to educate/familiarize caregivers to increase their knowledge and, consequently, their confidence in being around people with dementia. Our results showed that formal and informal caregivers of people with dementia who educate themselves through a serious game experience less feelings of fear and distress when being around persons with dementia. The caregivers felt more relaxed with their newly gained knowledge as well as increased confidence. This is in line with the observations of Phillipson et al. [61] , who found four hallmarks for successful knowledge translation regarding dementia-oriented education. One of those hallmarks was based on interactive knowledge exchange Finally, we evaluated the balance between the game and the educational aspects of the game (i.e., the gain in caregiver skills) based on the suggestions of the Icura User Study [60] . Figure 9 depicts the effectiveness of our educational model. Most participants (82%) confirmed the educational benefits of the serious game and claimed that overall game-based education was effective. Only 9% of the participants indicated a lower educational effectiveness of the game. 
The direct impact of the proposed iDO game showed a significantly positive increase in attitudes and decrease in anxiety of both caregivers (formal and informal) and seniors from pre-to post-game survey. The specifically designed interactive serious game iDO makes it possible to educate/familiarize caregivers to increase their knowledge and, consequently, their confidence in being around people with dementia. Our results showed that formal and informal caregivers of people with dementia who educate themselves through a serious game experience less feelings of fear and distress when being around persons with dementia. The caregivers felt more relaxed with their newly gained knowledge as well as increased confidence. This is in line with the observations of Phillipson et al. [61] , who found four hallmarks for successful knowledge translation regarding dementia-oriented education. One of those hallmarks was based on interactive knowledge exchange 
The direct impact of the proposed iDO game showed a significantly positive increase in attitudes and decrease in anxiety of both caregivers (formal and informal) and seniors from pre-to post-game survey. The specifically designed interactive serious game iDO makes it possible to educate/familiarize caregivers to increase their knowledge and, consequently, their confidence in being around people with dementia. Our results showed that formal and informal caregivers of people with dementia who educate themselves through a serious game experience less feelings of fear and distress when being around persons with dementia. The caregivers felt more relaxed with their newly gained knowledge as well as increased confidence. This is in line with the observations of Phillipson et al. [61] , who found four hallmarks for successful knowledge translation regarding dementia-oriented education. One of those hallmarks was based on interactive knowledge exchange rather than passive approaches such as lectures. Interactive knowledge was applied in the serious iDO game where the caregivers used their newly learned background knowledge to respond to the person with dementia's needs (e.g., hunger, rest, activity) and neuropsychiatric symptoms to maintain or increase the person's quality of life. The serious game iDO was developed with evidence-based knowledge for formal and informal caregivers caring for people with dementia living at home. A similar serious game was previously developed by Manera et al. [62] for people with dementia living in a nursing home. The result of this study showed that it is possible to positively change the attitudes of caregivers caring for persons with dementia. This was also shown in a study which addressed the problem of training hospital staff for person-centered dementia care. The staff significantly improved their attitudes towards and overall satisfaction in caring for people with dementia [63] . Serious games seem to be an easy and playful future tool to educate both formal and informal caregivers and train them how to approach and care for people with dementia living at home or in a nursing home. They can also contribute to reducing the burden for informal caregivers and preventing the rise of negative attitudes and worsening of the caregiver's psychological state [64] . In turn, this seems to result in an improved person-centered care, in that the person with dementia feels less anxious and frustrated.
The impact of using the iDO game was to educate/familiarize caregivers with upcoming care processes. They thus can be indirectly represented as (1) measurably improved confidence and job satisfaction;
(2) more effective familiarization and adoption of best practices for dementia care; (3) enhanced overall quality of care; and (4) decreased caregiver burden, fear, and anxiety. The improvements for people with dementia may be (1) person-centered care; (2) less severe NPI scores; (3) increased possibility of building trusting relationships with the caregiver; and (4) enablement of socialization.
Finally, the iDO game contributed to cognitive stimulation (through game playing) and promotion of social interaction which is considered a major function of future technology-supported caregiving and management of dementia [65] .
Further investigations are necessary in order to find out whether the game is immersive enough to serve as a motivating tool for formal and informal caregivers. The questions related to the system learnability property received the highest assessments. We can conclude that the selected game type, rules, and mechanics allowed for quick immersion and is in need of further testing.
